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Patel and Subramanian (left to right)doi:10.1016/j.jtcvs.2004.04.043Objective: We sought to evaluate outcomes and predictors of emergency
conversion to cardiopulmonary bypass during attempted off-pump coronary
bypass surgery.
Methods: From January 1999 through July 2002, 1678 consecutive isolated
coronary artery bypass operations were performed at Lenox Hill Hospital,
with the intention to treat all patients with off-pump coronary bypass surgery.
Fifty (2.97%) patients required urgent conversion to cardiopulmonary bypass.
All the preoperative, intraoperative, and postoperative variables were col-
lected and analyzed in accordance with the New York State Cardiac Surgery
Reporting System. Multivariate regression analysis was performed to deter-
mine predictors for conversion.
Results: In-hospital mortality and major morbidity were significantly lower in the
nonconverted group compared with the converted patients (mortality: 1.47% [n 
24] vs 12% [n  6], P  .001; stroke: 1.1% [n  18] vs 6% [n  3], P  .02; renal
failure: 1.23% [n  20] vs 6% [n  3], P  .02; deep sternal wound infection:
1.54% [n  25] vs 8% [n  4], P  .009; respiratory failure: 3.75% [n  61] vs
28% [n  14], P  .0001; nonconverted vs converted patients, respectively). The
annual incidence of conversion decreased during the study period. There was a
significant reduction in the incidence of conversion after routine use of a cardiac
positioning device to performing lateral and inferior wall grafts (4.2% [n  27] vs
2.3% [n  23], P  .04). None of the preoperative variables were independent
predictors of conversion on multivariate regression analysis.
Conclusions: Because emergency conversion to cardiopulmonary bypass during
attempted off-pump coronary bypass surgery results in significantly higher morbid-
ity and mortality, studies comparing off-pump coronary bypass surgery with con-
ventional coronary artery surgery should include converted patients in the off-pump
group. In our experience, emergency conversion is an unpredictable event. The
incidence of conversion decreases with increasing experience of surgeons in per-
forming off-pump coronary surgery and use of a cardiac positioning device.
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CDOff-pump coronary artery bypass surgery(OPCAB) is being increasingly per-formed, and many reports have shownreduced in-hospital and short-term mor-bidity in comparison with conventionalcoronary bypass grafting performed dur-
ing cardiopulmonary bypass (CPB).1-6 None of these re-
ports mention emergency conversion to CPB during at-
tempted OPCAB. The incidence of emergency conversion
ranges from 0% to 22% in various reports.7-12 Outcomes in
the converted patients have not been studied in detail, and
neither have the predictors of conversion. The aim of this
study was to evaluate outcomes and predictors of emer-
gency conversion to CPB during attempted OPCAB.
Patients and Methods
Patients
From January 1999 through July 2002, 1678 consecutive
isolated coronary bypass graftings were performed at the
Lenox Hill Hospital with the intention to treat all patients
with OPCAB. All patients included in the study underwent
revascularization through a median sternotomy, including
reoperative procedures.
Emergency Conversion
Emergency conversion was defined as use of CPB after the
initial intent of performing OPCAB if the reason for using
CPB was any of the following: hemodynamic compromise,
hemorrhage, ischemic episodes, and cardiac arrest. We did
include patients who had any of the above, even while
manipulating the heart to assess the coronary anatomy. We
did not include patients who underwent CPB semielectively
because of coronary anatomy (diffusely diseased vessels,
small-caliber vessels, and intramyocardial vessels).
Methods
Surgical technique of off-pump revascularization. All
operations were performed through a median sternotomy.
Conduits were harvested, and patients were partially hepa-
rinized to maintain the activated clotting time at approxi-
mately 300 seconds. Deep pericardial sutures, Trendelen-
burg position, and right tilt were used to facilitate exposure
of the lateral, posterior, and inferior vessels of the heart.
From June 2000 through July 2002, we used the apical
suction cardiac positioning device Xpose (Guidant Corpo-
ration, Cupertino, Calif) in all cases to facilitate exposure.
During the study period, we used a compression stabili-
zation system for performing distal anastomoses. During the
construction of the anastomoses, target vessel hemostasis
was obtained with intravascular shunts, proximal and distal
silicone rubber (Silastic; Dow Corning, Midland, Mich)
vessel loops, or both. A humidified carbon dioxide blower
was used for better visualization.
656 The Journal of Thoracic and Cardiovascular Surgery ● NoveAlthough the order of performing anastomoses was at the
surgeon’s discretion, the usual order was to perform the left
internal thoracic artery anastomosis to the left anterior de-
scending coronary artery first. Proximal anastomoses were
performed either before or after distal anastomoses, depend-
ing on the situation and the operating surgeon’s preference.
Composite grafting, anastomotic connectors, clampless aor-
tic seals, or a single application of the side-biting clamp on
the aorta was used, depending on the condition of the
ascending aorta and the coronary artery anatomy.
Conversion to CPB. When conversion to CPB was nec-
essary after full heparinization, patients were started on
CPB with an aortic cannula in the ascending aorta and a
single 2-stage venous cannula in the right atrial appendage.
The operation was then continued on the assisted beating
heart or with aortic crossclamping with antegrade and ret-
rograde cold blood cardioplegia per the surgeon’s prefer-
ence. In the event of cardiac arrest, cardiac massage was
continued until full CPB was established.
Data Collection and Outcome Analysis
Patients were identified from the prospective computerized
cardiac surgical registry maintained in accordance with the
mandatory New York State Cardiac Surgery Reporting Sys-
tem guidelines. All the data entry was done by an indepen-
dent data coordinator. Surgical reports of all the patients
requiring CPB were reviewed, and intraoperative data were
collected. Multivariate regression analysis was performed to
identify the predictors of conversion. The factors used in the
multivariate model were left ventricular ejection fraction,
priority of the operation, reoperative surgery, class of an-
gina, left main coronary stenosis, peripheral vascular dis-
ease, and use of a positioning device. The risk-adjusted
mortality ratio was calculated according to the New York
State Cardiac Surgery Reporting System model. The SPSS
for Windows version 11.5 statistical package (SPSS, Inc,
Chicago, Ill) was used to perform statistical analysis.
Results
Incidence of Emergency Conversion
The overall incidence of emergency conversion was 2.97%
(n  50). The annual incidence of emergency conversions
decreased from 4.8% (n 16) to 3.8% (n 19), 2.6% (n
13), and 0.7% (n  2) for the first to the fourth year of
experience, respectively. There was a significant reduction
in the incidence of conversion after the routine use of a
cardiac positioning device while performing lateral and
inferior wall grafts (4.2% [n  27/642] vs 2.3% [n 
23/986], P  .04; Figure 1).
There were an additional 45 (2.8%) patients undergoing
elective conversion during the same period. The mortality
and morbidity in electively converted patients was similar
compared with those of nonconverted patients.
mber 2004
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CDPreoperative Variables
Data on preoperative variables are shown in Table 1. There
were significantly higher numbers of patients with lower left
ventricular ejection fraction; preoperative history of periph-
eral disease, cerebrovascular disease, or both; and previous
myocardial infarction in the emergency converted patients
compared with in the nonconverted patients. There was no
significant difference in other major preoperative variables
between the 2 groups.
Operative Details of Conversions
Timing and reasons for conversion (Table 2, A and
B). Of the 17 patients undergoing conversion during left
anterior descending artery grafting, 2 of them had bleeding
from a right ventricular injury, 5 had cardiac arrest caused
by ischemia and ventricular fibrillation, 1 had embolization
caused by coronary probing, 1 had air embolization into the
coronary arteries from the left ventricle, and the rest had
ischemia during the coronary artery occlusion.
Of the 18 patients requiring conversion during grafting
of the circumflex artery and its branches, 8 had ischemia-
hypotension during positioning and vessel occlusion before
arteriotomy, 4 had ischemia-hypotension during vessel
grafting, 4 had cardiac arrest during vessel occlusion, and 2
had ischemia after completion of the grafts.
Of the 3 patients requiring conversion during the grafting
of the right coronary artery and its branches, 1 had brady-
cardia followed by cardiac arrest during vessel grafting, 1
had bleeding from the right atrium and air embolism caused
by a vessel loop, and 1 had ischemia during vessel
occlusion.
Of the 2 patients requiring conversion because of the
proximal anastomosis, 1 had bleeding from the anastomotic
connector, and the other experienced an aortic dissection
from a proximal anastomosis. Both patients required circu-
latory arrest to repair the aorta.
Five patients who required conversion before the coro-
nary grafting was commenced experienced ischemia-hypo-
tension during cardiac manipulation to assess the distal
targets and placement of deep pericardial sutures.
All 5 patients requiring conversion after completion of
bypass grafts had cardiac arrest, with the reasons being a
short left internal thoracic artery, kinking of the right inter-
nal thoracic artery, right coronary vein graft thrombosis, air
embolism (probably caused by injury to right atrium), and
ventricular fibrillation in a patient with preoperative cardio-
genic shock, respectively.
Cardiac arrest. Fifteen (30%) patients had cardiac arrest
requiring internal cardiac message, and the average time
from arrest to establishing CPB was 7.6 minutes (range,
3-16 minutes). The time was longer in patients whose chests
were being closed when cardiac arrest occurred.
The Journal of ThoraciAdditional operative details. Nineteen patients had by-
pass grafting completed on assisted-beating bypass grafting
after commencing CPB, whereas the other 31 patients had
aortic crossclamping with cardioplegic arrest.
Only 1 of the 45 patients who had conversion to CPB
related to ischemia or ventricular fibrillation had an intra-
coronary shunt used during vessel occlusion.
Of the 10 patients requiring additional procedures after
conversion to CPB, 3 had bypass grafts revised, 3 had
additional bypass grafts performed to the coronary artery
already grafted during OPCAB, 2 required repair of the
right ventricle, and 2 required a reparative procedure to the
ascending aorta.
Postoperative Outcomes
As shown in Table 3, patients who required emergency
conversion to CPB during attempted OPCAB had signifi-
cantly higher major morbidities and in-hospital mortality
compared with patients who did not need emergency con-
version to CPB.
Predictors of Conversion
As shown in Table 4, none of the preoperative variables was
a significant predictor of emergency conversion to CPB
during attempted OPCAB. Use of the cardiac positioning
device (Xpose) was an independent factor in reducing con-
version.
Discussion
Off-pump coronary artery surgery has been increasingly
performed in the last few years, with improving cardiac
stabilization devices and increased experience of the sur-
geons. However, use of CPB still remains the bailout pro-
cedure for patients undergoing attempted OPCAB. The in-
cidence of conversion to CPB during the initial attempt at
Figure 1. Reduced incidence of emergency conversion with time
and use of the Xpose cardiac positioning device.OPCAB remains very variable (0%-22%), and so is the
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who require conversion to CPB on an emergency basis for
situations like hemodynamic compromise, hemorrhage,
ischemic episodes, and cardiac arrest represent true conver-
sions. These are the situations in which conversion to CPB
after attempted OPCAB might be a necessity rather than a
choice. However, patients requiring use of CPB semielec-
tively because of coronary anatomy (eg, diffuse coronary
artery disease or intramyocardial vessels) are not true con-
versions because they depend on the surgeon’s preference.




Age, y (average [range]) 67.
Female sex 24.0%
Emergency surgery 4.0%
Ejection fraction 40% 36%
Left main stenosis 50% 38.0%
Class IV angina 46.0%
Reoperative surgery 8.0%
Peripheral and cerebrovascular disease 48.0%
Previous myocardial infarction 22.0%
Diabetes 44.0%
Renal failure 8.0%
Previous intra-aortic balloon pump 10.0%
Previous percutaneous intervention 26.0%
OPCAB, Off-pump coronary bypass; NS, not significant.
TABLE 2A. Timing of conversions
Timing Total (n  50)
Cardiac manipulation to assess coronary
artery anatomy before commencing grafting
10% (n 5)
LAD and diagonal artery exposure-grafting 34% (n17)
Circumflex artery branches exposure-grafting 36% (n18)
Right coronary system exposure-grafting 6% (n 3)
During-after proximal anastomosis on aorta 4% (n 2)
Completion of anastomoses-closure of chest 10% (n 5)
LAD, Left anterior descending coronary artery.
TABLE 2B. Reason for conversion
Reason Total (n  50)
Hypotension-ischemia 76% (n38)
Bradycardia 2% (n 1)
Hemorrhage 8% (n 4)
Ventricular fibrillation 8% (n 4)
Aortic dissection 2% (n 1)
Graft occlusion 4% (n 2)Many reports that have shown better short-term outcomes
658 The Journal of Thoracic and Cardiovascular Surgery ● Novewith OPCAB in comparison with the conventional coronary
artery surgery performed with CPB do not discuss the
patients requiring conversions,1-6 whereas some briefly
mention them but exclude them from the analysis.7,9,10
Also, a true estimation of these conversions is difficult to
determine because none of these reports studied consecutive
patients with intention to treat all patients requiring coro-
nary artery bypass surgery with OPCAB. Our overall inci-
dence of emergency conversion to CPB was 2.97%, which
is a true estimate of the problem because our experience
consisted of consecutive patients with intention to treat all
patients with OPCAB.
Our annual incidence of conversion decreased, which
could be explained on the basis of increasing experience of
the surgeon, as well as the anesthesiologist. Also, the use of
the apical suction cardiac positioning device (Xpose) was
introduced in June 2000 for facilitating verticalization of the
heart and better exposure of the lateral, inferior, and poste-
rior vessels (Figure 1). Also, as shown in Table 4, use of the
Xpose device independently reduced the conversion to CPB
on multivariate analysis. However, this analysis did not take
the annual incidence of conversion into consideration.
Therefore it is likely that the reduction in incidence of
conversion to CPB after the routine use of a cardiac posi-
tioning device could be due to the combined effect of the
device itself and the increasing experience of the surgical
team. Sepic and colleagues13 have shown less hemody-
namic compromise and better exposure with use of an apical
suction device in comparison with deep pericardial sutures
alone during beating-heart surgery.
As shown in Table 2, the majority of the conversions
occurred during exposure or grafting of the left anterior





conversion (n 1628) P value
84) 66.2 (26–92) NS
12) 27.6% (n 450) NS
2) 3.3% (n 53) NS
18) 22.9% (n 372) .04
19) 35.4% (n 576) NS
23) 37.1% (n 604) NS
4) 3.5% (n 57) NS
24) 34.4% (n 560) .05
11) 9.1% (n 148) .005
22) 38.5% (n 626) NS
4) 6.9% (n 113) NS
5) 4.2% (n 68) NS
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compromise during displacement of the heart (verticaliza-
tion) did not seem to be the only factor responsible for
conversion. There was less incidence of conversion during
right coronary artery grafting. The order of grafting in the
majority of the patients was left coronary artery system first,
followed by right coronary artery grafting. Therefore in a
majority of the patients, adequate perfusion of the myocar-
dium was already established while the right coronary artery
was occluded for grafting.
Yeatman and coworkers14 and D’ Ancona and associ-
ates15 have shown a reduction in transient intraoperative
myocardial dysfunction and myocardial stunning during
OPCAB using intracoronary shunts. The majority of our
patients required conversions because of ischemia-related
hypotension, ventricular fibrillation, and bradycardiac arrest
during vessel occlusion for bypass grafting. Only one of
these patients had an intracoronary shunt used. Although we
do not have data on the use of intracoronary shunts in
TABLE 3. Postoperative outcomes
Variable
Emergency conve
CPB (n  5
Freedom from all complications 64% (n3
Stroke 6.0% (n
Transmural myocardial infarction 2.0% (n
Deep sternal wound infection 8.0% (n
Bleeding requiring reoperation 10.0% (n
Sepsis 2.0% (n
GI bleed, perforation, or infarction 4.0% (n
Renal failure-dialysis 6.0% (n
Respiratory failure 28.0% (n1
In-hospital mortality 12.0% (n
Risk-adjusted mortality 4.4%
CPB, Cardiopulmonary bypass; OPCAB, off-pump coronary artery bypass;
TABLE 4. Multivariate regression for predictors of emerge
Predictor Od
Left ventricular ejection fraction 40%
Reoperative surgery
Peripheral-cerebrovascular disease
Priority of the operation
Diabetes mellitus
Renal failure
Preoperative intra-aortic balloon pump
Previous myocardial infarction
Previous percutaneous coronary intervention
Use of Xpose for verticalization
CPB, Cardiopulmonary bypass.nonconverted patients (because it was not part of our data-
The Journal of Thoraciset), it is highly likely that ischemia-related conversions
could have been reduced by the use of intracoronary shunts.
Cardiac arrest requiring cardiopulmonary resuscitation
occurred in 30% of our conversions. Most of the major
adverse outcomes were in this group of patients. Although
we have a policy of the perfusion staff remaining on standby
with a primed CPB circuit for all OPCAB procedures, the
average time from arrest to establishing CPB could be
further reduced by using a cannulation system, which is
rapid to install. Developing a self-retaining cannula, which
can be inserted with a single stab without the need for
purse-string sutures, might be the way forward.
In our experience emergency conversion to CPB is un-
predictable because it can occur at any stage of the opera-
tion. As shown from multivariate regression analysis, none
of the major preoperative risk factors were independent
predictors of conversion. Converted patients had a signifi-
cantly higher prevalence of poor ventricular function. Poor




CPB (n  1628) P value
91.9% (n1483) .0001
1.1% (n 18) .02
0.4% (n 7) NS
1.5% (n 25) .009
2.0% (n 32) .004
1.1% (n 18) NS
1.4% (n 22) NS
1.2% (n 20) .028
3.7% (n 61) .0001
1.4% (n 24) .001
1.7% NA
ot significant; GI, gastrointestinal.
conversion to CPB
































0.49tivariate analysis. Patients with poor left ventricular ejection
c and Cardiovascular Surgery ● Volume 128, Number 5 659
Surgery for Acquired Cardiovascular Disease Patel et al
A
CDfraction are less likely to tolerate transient ischemia and
verticalization, leading to higher conversion rates.
The most important finding of our study is the signifi-
cantly increased major morbidity and mortality associated
with emergency conversion. Almost one third of the con-
verted patients had cardiac arrest, and a significantly higher
number of patients had a period of hypotension and low
cardiac output. The surprising finding was a lower incidence
of transmural myocardial infarction in converted patients,
which might explain transient ischemia as the root cause of
most conversions.
These unfavorable outcomes have major implications on
the validity of previous retrospective comparison between
OPCAB and on-pump coronary artery bypass grafting.1-4
Many of these reports identify patients undergoing OPCAB
from the data set as patients having a CPB time of zero and
thus end up assigning converted patients to the on-pump
group, leading to an unfair comparison. This bias can be
eliminated by a prospective randomized study with inten-
tion-to-treat analysis after randomization, as shown by Van
Dijk and coworkers.16
In conclusion, an emergency conversion to CPB during
attempted OPCAB results in a significantly higher morbid-
ity and mortality. Studies comparing OPCAB with conven-
tional coronary artery bypass surgery should include con-
verted patients in the OPCAB group to eliminate bias. In our
experience emergency conversion to CPB is an unpredict-
able event. The incidence of conversion decreases with the
increasing experience of surgeons in performing OPCAB
and the use of a cardiac positioning device.
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Discussion
Dr Irving L. Kron (Charlottesville, Va). I very much enjoyed the
paper by Patel and colleagues from Lenox Hill. They discussed a
very important but little-studied issue. They studied nearly 2000
patients who intended to be treated with OPCAB. Just about 3% of
the patients required urgent conversion. The mortality for the
off-pump procedure was 1.4%. However, those patients who un-
derwent emergency conversion had a 12% mortality and a much
higher morbidity. The authors’ key point, which is the most
important aspect, is that patients who are urgently converted to
coronary bypass in comparison of off-pump with on-pump bypass
are often counted in the on-pump group. This is clearly unfair to
the on-pump analysis, and intention to treat, as the authors have
concluded, is an important point.
The major question for the authors is why there is such a high
mortality and conversion to on-pump procedures. At our institu-
tion, the raw mortality for on-pump coronary bypass was 1.6% last
year, including all comers. Clearly, many have demonstrated that
elective bypass with an on-pump procedure has a reasonably low
mortality. It is still legal in the United States to use the pump for
these procedures.
This leads me to wonder the following: when patients get into
real difficulty, bypass here might have been too late, and the
question, the real question for the authors is how one can have
one’s cake and eat it too. Are there any specific points at which you
could have recognized that you were going down a bad road and
made a difference by going to on-pump bypass a little bit earlier?
That is really the biggest issue for you, and I am sure you have
looked at this.
Finally, how often did elective conversion occur, and what
were the results there?
Dr Patel. Thank you very much, Dr Kron. I will answer your
second question first. The elective conversions during this expe-
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CDrience occurred in 44 patients, almost the same number. When we
looked at the subanalysis of that, there was no difference in the
outcomes in those patients compared with those of the other
patients.
Coming to the point, when things go wrong during emergency
conversion, they happen very quickly, and the patients become
very sick. That is the reason why these bad outcomes occur. Now,
what we have to trust is that we have to identify some intraoper-
ative monitoring of myocardial ischemia, some kind of monitor-
ing, pH continuous monitoring, which will identify and tell us
much earlier that we should convert before it is too late, and that
is what will help us improve our outcomes for these patients.
Probably we are pushing them too much and we should convert
them earlier, and then we will not have the same results as our
elective conversions, which are pretty good results.
Dr Michael J. Mack (Dallas, Tex). I would like to congratulate
the Lenox Hill group for their work in this area.
Dr Edgerton from our group presented our experience with the
same issue at the Southern Thoracic Surgery meeting in November
(Ann Thorac Surg 2003;76:1138-11), but the findings are virtually
the same. Our conversion rate overall was 3.7%, which included
both elective and urgent conversions. However, when we per-
formed our analysis, we compared our conversion rate with our
on-pump group rather than our off-pump group, asking the ques-
tion of whether there are patients that are potentially being hurt by
being started off-pump as opposed to being started on-pump and
whether we could identify those patients and not treat them off-
pump. Therefore, my first question is as follows: why are you
comparing the converted patients with your off-pump series rather
than your on-pump group?
Second, we were able to find predictors of conversion, and they
included surgeon experience, reoperative procedures, and patients
with a history of congestive heart failure. I noticed that in your
logistic regression you did not include surgeon experience as one
of the variables in the equation. My second question is as follows:
because surgeon experience changed over the years, and not just
the addition of a positioner, did that play a role in your conver-
sions?
The Journal of ThoraciYou have already answered my third point, but we found that
all of our mortality, which was 18%, occurred in patients who were
converted urgently and not electively. In other words, if you could
not find a vessel or you judged the disease to be too severe to
bypass, there was no mortality in the group that was converted for
that reason. We have found the same thing; that is, if there is the
least bit of instability at all, our threshold for conversion is imme-
diate before one gets too far down the line.
Dr Patel. Answering your first question, as to why I did not
compare with on-pump patients, this is a contemporary series.
These are consecutive patients, all of them with intention to treat
with off-pump bypass. Therefore, I tried to match them with what
our intentions to treat these patients were. Forty-four patients
during that same time frame underwent on-pump bypass, but they
were all elective conversions, and we did not see a difference. That
is why I compared them with what we set out to treat these patients
with, and that is our main message, as Dr Kron pointed out. As to
your second question, these patients were operated on by essen-
tially 2 senior surgeons and 2 intermediate-level surgeons. I quite
agree that we did not look at a specific surgeon in our multivariate
model, but I doubt that would make much difference because the
majority of procedures were performed by 2 very experienced
surgeons.
Dr Joan Ivanov (Toronto, Ontario, Canada). This was a
wonderfully interesting presentation. It appeared from the
methods for your multivariable model that you used a main-
effects model only. It also appeared from the graphics (this
continues on with the previous question) that there was a
temporal change in your experience. Therefore, might I suggest
to you that the risk reduction you observed with the Xpose
device might have been confounded with a temporal experi-
ence? Also, you probably should have used an interaction
between time and the device to get a true idea of the risk
reduction associated with the Xpose device.
Dr Patel. I could not agree less with you. I think it could be that
there is a confounding variable of time related to our analysis with
that. I think if you use time, perhaps the Xpose device might not
be an important factor.
c and Cardiovascular Surgery ● Volume 128, Number 5 661
